The preparation of Mg 49 Y 15 Cu 36 metallic glass composite powders was accomplished by mechanical alloying of pure Mg, Y, Cu, and WC powder mixture after 10 h milling. In the ball-milled composites, initial WC particles were homogeneously dispersed in the Mg-based alloy glassy matrix. The metallic glass composites powders were found to exhibit a large supercooled liquid region before crystallization. Bulk metallic glass composites were formed by vacuum hot pressing the as-milled WC/ Mg 49 Y 15 Cu 36 metallic glass composite powders at 473 K in the pressure range of 0.72-1.20 GPa. BMG composite with submicron WC particles homogeneously embedded in a highly dense nanocrystalline/amorphous matrix was successfully prepared under pressure of 1.20 GPa. It was found that the applied pressure during consolidation could enhance the thermal stability and promotes nanocrystallization of WC/ Mg 49 Y 15 Cu 36 BMG composites.
Introduction
Recently, new metallic glass with a wide supercooled liquid region exceeding 20K have been prepared in a number of Mg-based alloy systems, such as Mg-Ni-Ln (Ln=Ce,La), Mg-Ca-Al, Mg-Cu-Y, and Mg-Cu-Y-TM (TM=Ag, Zn, Al, Li) [1~3] . Mg 65 Y 10 Cu 25 BMG with diameter up to 7mm has been produced by Inoue et al [4] . These new alloys are expected to expand the application fields of bulk metallic glass due to their high specific strength to weight ratio, good ductility and relatively low cost. In an effort to improve the mechanical properties of these unique materials, the existence of ceramic or insoluble metallic particles inside amorphous matrix can suppress the propagation of shear bands, and therefore increase the toughness and ductility of glassy matrix composite [5~7]. For the preparation of glassy matrix composite by casting process, there is a high risk of generating partial crystallization between the interface of amorphous and ceramic phase. Moreover, the differences in densities or melting points among the raw materials of metals and particles make it difficult to prepare cast samples. Various techniques have been used to obtain Mg-based BMG, but most of the research efforts are focused on the casting processes [8~9]. However, no report was found on the formation of Mg-based composite powder by mechanical alloying (MA) process. Therefore, the feasibility of preparing Mg-Y-Cu metallic glass composite powders by MA of an elemental powder mixture with the composition of Mg 49 Y 15 Cu 36 together with WC particles using a shaker ball mill was investigated in this study. The consolidation of Mg 49 Y 15 Cu 36 metallic glass composites powders into bulk form by a vacuum hot-pressing method was also performed.
Experimental procedure
Elemental powders of Mg (99.9%, <325 mesh), Y (99.8%, <325 mesh), Cu (99.5%, <100 mesh), and WC (99.5%, <100mesh) were weighed to yield the desired Mg 49 Y 15 Cu 36 or WC/ Mg 49 Y 15 Cu 36 composition. Mixture of elemental metallic powders with nominal composition of Mg 49 Y 15 Cu 36 (in at.%) was mechanically alloyed with or without an addition of 10 vol.% WC powders. The milling was performed in a SPEX 8016 shaker ball mill under an Ar-filled atmosphere. General details of mechanical alloying process are given elsewhere [10] . The as-milled composite powders were consolidated in a vacuum hot pressing machine to prepare bulk samples with a diameter of 10 mm and 1 mm in thickness. The hot pressing was performed at 473 K under a pressure of 0.72, 0.96 and 1.20 GPa, respectively. The structure of the as-milled and bulk samples was analyzed by using X-ray diffractometer, scanning electron microscopy and transmission electron microscopy.
Thermal analysis was investigated using a Dupont 2000 differential scanning calorimeter (DSC), where the sample was heated from room temperature to 500 under a purified argon atmosphere at constant heating rates of 40 K/min. and only an amorphous indicating diffuse peak exhibited after 10h of milling. The milling of its composite powder mixture behaved similar, but the WC crystalline peaks persisted to the end of milling (though the peaks' intensities decreased significantly). The cross sectional view of the WC/Mg 49 Y 15 Cu 36 composite powders after 10h of milling confirmed that submicron WC particles were uniformly dispersed inside an Mg 49 Y 15 Cu 36 glassy matrix, as shown in Fig. 2 . Differential scanning calorimetry was used to investigate the glass transition and crystallization behavior of the as-milled powders. Figure 3 shows the DSC scans of the WC/ Mg 49 Y 15 Cu 36 powders. It can be seen that the as-milled composite powders exhibited an endothermic heat event due to the glass transition followed by a sharp exothermic peak indicating the successive stepwise transformations from a supercooled liquid state to crystalline phases. The glass transition temperature (T g ) and the onset crystallization 1.20GPa, respectively. The corresponding X-ray diffraction patterns of these hot-pressed samples were shown in Fig. 4 . The WC crystalline peaks can be observed for all the samples after consolidation. It can be noticed that partial crystallization was occurred for the samples hot-pressed at low pressure (0.72GPa). However, with increasing pressure, the amount of residual amorphous phase in the hot-pressed samples seems to increases, meaning that the crystalline fraction decreases when hot-pressed at 473K under higher pressures. This result indicates that the consolidation pressure suppressed the crystallization in the WC/ Mg 49 Y 15 Cu 36 BMG composites. Although XRD pattern shown in Fig. 4 reveals no evidence of crystalline peaks other than the WC phase is found and the only broad halo peak corresponding to the amorphous phase is clearly seen for the sample hot-pressed at pressure of 1.20GPa, the development of limited nanocrystallization from glassy matrix in BMG composite during consolidation is possible. In order to clarify the above hypothesis, TEM study was conducted and the corresponding image are shown in Figure 5 . The microstructure is mainly consists of WC particles embedded in the Mg 49 Y 15 Cu 36 matrix. Further examination of the bright-field and dark-field images indicate that fine precipitates with a size less than 10nm are homogeneously dispersed in the glassy matrix, indicating the matrix is composed of a nanocrystalline/amorphous composite structure. The crystallization behaviors of BMG under high pressure have been studied extensively [12] [13] [14] . In general, the applied high pressure can promote the nucleation rate in the BMG, but the subsequent growth of the nucleation sites is inhabited by the extremely slow atomic mobility. Therefore, in the present study, the pressure-induced nanocrystallization in the glassy matrix of WC/ 
Results and discussion

Composite Materials IV
Conclusions
In the present study, WC/ Mg 49 Y 15 Cu 36 metallic glass composite powders were prepared by mechanical alloying of pure Mg, Y, Cu, and WC powder mixtures. Mg 49 Y 15 Cu 36 metallic glass composite powders were obtained after 10 h of milling as confirmed by X-ray diffraction and differential scanning calorimetry. The metallic glass composites powders were found to exhibit a supercooled liquid region before crystallization. Bulk metallic glass (BMG) composites were synthesized by vacuum hot pressing the as-milled Mg 49 Y 15 Cu 36 metallic glass composite powders at 473 K in the pressure range of 0.72-1.20 GPa. BMG composite with submicron WC particles homogeneously embedded in a highly dense nanocrystalline/amorphous matrix was successfully prepared under applied pressure of 1.20 GPa. It was found that the pressure could enhance the thermal stability and promotes nanocrystallization of WC/ Mg 49 Y 15 Cu 36 BMG composites.
